In this paper, the analysis and design of a compact Ultra-Wideband (UWB) Wilkinson Power Splitter (WPS) is presented. The proposed splitter consists of two sections Wilkinson power splitter of equal characteristic impedances and unequal electrical lengths with a single stub on each section. The proposed power splitter examined analytically using the "Even Odd Mode" analysis method and the ABCD matrix. The simulation is done using Agilent ADS circuit and EM simulator. The proposed structure achieves an input return loss, S 11 better than 12.2 dB, an output return loss, S 22 and S 33 better than 19.59 dB, output ports isolation, S 23 and S 32 better than 12.75 dB and insertion loss, S 21 and S 31 from 3.15 to 3.41dB through the whole UWB range from 3.1 GHz to 10.6 GHz. Furthermore, the power splitter has a compact size of 18.38 * 10.25 mm 2 compared to other similar networks.
I. INTRODUCTION
Power dividers and combiners are essential passive microwave components. Wilkinson Power Divider (WPD) [1] shown in Fig.1 is the most practical and popular type as it provides matched ports, good isolation between output ports, lossless even when output ports are matched; only reflected power is dissipated [2] also, equal ratio WPD can be easily analyzed using the "Even-odd Mode Method" [3] . 
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The Federal Communication Commission (FCC) of USA has assigned the band 3.1 GHz to 10.6 GHz for Ultra-Wideband (UWB), which is a short-range wireless communication technology for transmitting high-speed data using extremely low power. The narrow bandwidth of WPD is a problem for UWB applications, recently many designs tried to overcome bandwidth limitation of WPD for UWB, also tried to improve the ports isolation and output matching. Exponential tapered line replaced the quarter wavelength transmission line in [4] and [5] to improve the S-parameters and the bandwidth but on expenses of using multiple lumped elements and having large area. In [6] an open stub and parallel-coupled lines are installed to output ports, the design achieves moderate S-parameters. In [7] a design for UWB WPD with delta stub is introduced, Delta stub is good alternative for radial stub as it has simpler contour and it is easier to be fabricated, the design has small area and moderate Sparameters.
In [8] an UWB power divider consists of two microstrip transmission lines, parallel-coupled microstrip transmission line and a single resistor introduced. The design is very compact, single layer and has two transmission poles at 5.2 GHz and 9.5 GHz; it gives moderate simulation parameters along the UWB Range. In [9] an UWB power divider consists of Stepped-impedance three-line coupled structure and microstrip to slot-line transitions is introduced; it achieves good S-parameters with moderate area. In [10] single, two and three sections Wilkinson power divider using binomial multi-section matching transformer is designed for ultra-wideband applications, good S-parameters are achieved for two and three sections.
When designing an UWB Wilkinson power divider (WPD), combiner or splitter, three main criteria must be taken into consideration; isolation enhancement, matching improvement and bandwidth broadening. Isolation enhancement can be achieved using multiple sections of WPD but in most cases on expense of large area. In [11] series and parallel RLC circuit are used to realize complex isolation component, but LC are not recommended in microwave frequencies as it gives a narrow bandwidth. In [12] a dual frequency power divider with isolation stubs is presented where stubs are used to connect the isolation resistor; this technique achieves a good isolation at the dual frequencies. Matching improvement and bandwidth broadening are achieved mainly using either single stub matching network as in [7] , [13] and [14] , double stub matching network as in [15] or triple stub matching network as in [16] .
In this paper, a compact UWB modified Wilkinson Power Splitter (WPS) is analyzed and implemented. The rest of this paper is organized as: Section II presents two analytical approaches: even-odd mode analysis method and ABCD matrix technique. Section III introduces the design procedure to calculate initial design values that will be used in simulation. Section IV illustrates the resulting simulated S-parameters for the transmission line representation and Section V discusses the implementation of the splitter, results analysis and comparison with other similar implementations.
II. ANALYSIS OF THE PROPOSED MODIFIED WPS
The schematic diagram of the proposed UWB modified Wilkinson power splitter is shown in Fig. 2 . It consists of two sections WPS each of a transmission line followed by a single stubmatching network and a single isolation resistor. The stub matching networks installed to broaden the bandwidth and to improve the matching of the splitter. The isolation improved by using two sections of "WPS with single stub". Moreover, to achieve perfect matching with input and output ports, the input and the output transmission lines are chosen to have characteristic impedance, Z o = 50 Ω, thus their electrical length will have no effect on the matching. 
II.1. Even-Odd Analysis
The proposed power splitter has a symmetric structure, thus it can be analytically analyzed using "Even-Odd Mode" method of Reed and Wheeler [17] . It has been used also by Cohn [3] to analyze Wilkinson Power Divider. Fixing the input and output ports at Z o = 50 Ω helps simplifying the analysis by omitting them from the design procedure as illustrated in Fig. 3 . In addition, fixing the characteristic impedance of the two sections limits the flexibility of design but simplifies the analytical solution. 
1-Even-mode analysis at Port 1 (P1)
With even-mode excitation, an equal magnitude zero phase difference signals are applied to port 2 and port 3. Therefore, there is no voltage difference across the resistors and the circuit is bisected at the mid-point with open circuit (o.c). i.e. isolation resistors have no effect in even mode analysis. Moreover, the impedance at port 1 doubled, as there is no current flow through the short circuit between the inputs of the two transmission lines at port 1 as in Fig. 5 . It is convenient to use the admittance representation of transmission lines. 
For perfect input and output matching:
Where is the even-mode scattering parameter at Port 1 (P1), is the even-mode Sparameter at Port 2 (P2) and is the odd-mode S-parameter at P2. Using Cohn's procedure [3] for two sections Wilkinson, the input admittance at P1, , can be found from: Paper: ASAT-16-157-CM
The even-mode scattering parameter at P1:
From eq. (1) and eq. (4) Substitute eq. (5) into eq. (2), we get Also, rearrange eq. (3), it becomes
Equate eq. (6) and eq. (7) we get 
2-Even-mode analysis at Port 2 (P2)
The input admittance at P2, , as in With odd-mode excitation, an equal magnitude 180 o phase difference signals are applied to port 2 and port 3. Therefore, there is a voltage null along the mid-point of the circuit and it can be bisected by using ground as in Fig. 7 . Equating element A of both matrices and arrange for a solution for B 1 we get:
Similarly, equate element C of both matrices and solve for Z 1 :
Substitute for B 1 from eq. (29) and arrange we get that Repeating the ABCD matrix procedure for the second section of Fig. 9 where the shunt open circuit stub admittance Y s2 represented as follows:
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III. INITIAL DESIGN
In the previous section, a detailed analytical solution for the proposed two sections unequal electrical length power splitter is introduced. This analytical solution is used in this section to get an initial numerical solution for the proposed power splitter according to the following procedures:
1. Determine the characteristic impedance of each section (Z line1 = Z line2 = Z t ): For input and output ports matched at Z o = 50 Ω, then from Eq. (16), the characteristic impedance is given by . 
IV. CIRCUIT SIMULATION AND OPTIMIZATION
To examine the performance of the proposed UWB modified WPS, the initial design parameters calculated in Section III are the inputs for the simulator. The Agilent advanced Design System (ADS2011.10) simulation package is used in this work. Tuning and optimization are carried out in order to improve the isolation between the output ports and to broaden the bandwidth. The schematic diagram for the proposed divider after tuning and optimization shown in Fig. 10 .
The calculated and optimized parameters of the splitter's ideal transmission line (TL) representation are listed in Table 1 . The circuit simulated S-Parameters for the proposed splitter shown in Fig. 11 . From the optimized simulation, the following specifications are Paper: ASAT-16-157-CM achieved: the input return loss, S 11 is better than 12.96 dB, the output return loss, S 22 is better than 15.4 dB, the output ports isolation, S 23 is better than 15 dB and the insertion loss, S 21 or S 31 ranges from 3.03 to 3.17 dB through the whole UWB frequency from 3.1 GHz to 10.6 GHz. 
IMPLEMENTATION
The proposed UWB modified WPS realized using Rogers_RT_Duroid 5880 substrate. The substrate parameters are: the dielectric constant, , loss tangent Tan = 0.0009, height, h = 0.787 mm and conductor thickness, t = 17 µm. The final dimensions of the design calculated with the aid of LineCalc tool on Agilent ADS are listed in Table 2 . The final schematic layout diagram is shown in Fig.12 . Paper: ASAT-16-157-CM
The generated layout shown in Fig. 13 is simulated using EM simulator (ADS2011.10). The EM simulator ignores lumped element effect during simulation; it only simulates its footprint. In order to overcome this problem, the generated EM model for the proposed splitter is placed back in the schematic window then the isolation resistors are added and the whole design is simulated again with circuit simulation as shown in Fig. 14 . The EM Co-Simulations for the proposed splitter are shown in Fig. 15 and Fig.16 Table 3 shows a comparative study for this work with other similar UWB power dividers. Paper: ASAT-16-157-CM 
V. CONCLUSION
This paper represents an UWB modified Wilkinson power splitter; the splitter consists of two sections of unequal electrical length and each with a single open stub and the whole splitter uses two resistors. A detailed analytical solution for the proposed splitter is discussed to obtain exact closed-form design equations. These equations are used to get an initial numerical design parameters for the splitter. These initial design parameters are optimized and improved with the aid of ADS simulator to get the final dimensions of the splitter. The splitter has a compact size, good matching, equal division ratio and the desired bandwidth achieved. Moreover, the splitter achieves better ports isolation in comparison with other similar power dividers that use stubs and for the same UWB frequency range. The proposed splitter is a good candidate for most of Microwave Integrated Circuits because of its improved Sparameters, compact size and simple layout. The analytical solution for the splitter can be generalized to get closed form expressions for N-ways power divider.
